Introduction
New quinolones such as DU-6859a 1, 2 and oral carbapenems such as CS-834 3, 4 and L-084, 5, 6 which are prodrugs of the active metabolites, R-95867 and L-036, respectively, are oral agents which have good in vitro activity against both anaerobic and aerobic bacteria. Because of their activity against anaerobic bacteria (MIC 90 s р 2 mg/L), 2, 4, 6 the predominant species in the intestinal flora, severe or frequent gastrointestinal effects such as diarrhoea are a major concern.
We evaluated the impact of DU-6859a, CS-834 and L-084 on caecal microflora in two animal models; caecum-skin fistula-implanted rats, 7 from which caecal samples can be taken repeatedly without killing, and conventional mice.
Materials and methods
DU-6859a (Daiich Pharmaceutical, Tokyo, Japan), CS-834 and its active metabolite, R-95867 (Sankyo, Tokyo, Japan), and L-084 and its active metabolite, L-036 (Wyeth Lederle Japan, Tokyo, Japan), were supplied as standard powders of known potency by the manufacturers.
All animal experiments were conducted under the guidelines for animal experiments of Gifu University School of Medicine. Three male Wistar rats weighing c. 350 g were used for each antimicrobial treatment. After being fed a standard diet (Japan Clea, Tokyo, Japan) for 1 month, rats were implanted with a plastic fistula device in the caecum. 7 After the operation, the diet was switched to one containing 40% protein (Japan Clea). Male ddY mice weighing c.25 g were fed 40% protein throughout the experiment.
Antimicrobials were suspended homogeneously in 5% carboxymethyl cellulose solution using a glass blender and were given orally to experimental animals at a dose of 30 mg/kg bid for 5 days.
Quantitative culture of caecal contents was carried out by serial 10-fold dilution with pre-reduced anaerobe broth MIC medium (Becton Dickinson). The media used for the isolation of anaerobes and aerobes and culture conditions are described elsewhere. 8, 9 Anaerobes and aerobes were identified to the genus or species level for Staphylococcus spp., Enterococcus spp., Enterobacteriaceae and the Bacteroides fragilis group by standard methods 8, 9 and with API identification kits (bioMérieux Viteck, Marcy-l'Etoile, France).
To assess the inactivation of antimicrobials, 25 L of antibiotic solution (20 mg/mL) was incubated anaerobically for up to 48 h at 37°C with 500 mg of rat caecal contents, and 25 L of antibiotic solution (100 mg/mL) was added to 2.5 mL of a bacterial suspension (10 8 cfu/mL) in brain-heart infusion broth of the major anaerobic and aerobic isolates from rat caecum before and after treatment. Antimicrobial activity of caecal contents or broth was measured by bioassay. All 28 caecal isolates used were assayed for -lactamase production by the cefinase test (Becton Dickinson).
Results and discussion
The mean log 10 counts of the caecal flora in the rats given DU-6859a, CS-834, L-084 and 5% carboxymethyl cellulose alone (controls) are summarized in We determined the influence of a new quinolone, DU-6859a, and two oral carbapenems, CS-834 and L-084, on the rat and mouse caecal microflora. The caecum-skin fistula-implanted rats and conventional mice were given oral antimicrobials at doses of 30 mg/kg bid for 5 days. DU-6859a generated a marked decrease in the numbers of caecal flora except for enterococci. CS-834 and L-084 had little impact on the rat caecal flora. CS-834 caused a great decrease in the numbers of mouse caecal flora but L-084 did not. In vitro studies suggest that the difference is due to the extension of inactivation of antimicrobials by caecum contents. 
ND, not detectable (Ͻ10
Impact of oral carbapenems on caecal flora flora was markedly affected by oral DU-6859a but returned to pretreatment levels 15 days after administration. CS-834 and L-084 had little impact on the caecal flora whereas the numbers of some organisms such as Enterobacteriaceae were reduced by over 2 log 10 1 day after the end of treatment with CS-834 and L-084. The microflora returned to pretreatment levels 15 days after treatment. Among Staphylococcus spp. and Enterococcus spp., Staphylococcus aureus and Enterococcus faecalis were the most predominant species, respectively, in the rat caecum. Escherichia coli, always found in the caecal flora, was markedly affected by the DU-6859a treatment but not by CS-834 or L-084. Bacteroides distasonis and Bacteroides uniformis were almost always found in the rat caecal flora and were eradicated tentatively by treatment with DU6859a but not by CS-834 or L-084 treatment.
The numbers of anaerobes detected from the mouse flora were much lower than those in rats (Table II) . A significant impact on the aerobic caecal flora was seen in mice treated with DU-6859a. A marked effect on the anaerobic caecal flora was seen in mice given DU-6859a and CS-834. In contrast, there was little impact in mice given L-084. Unidentified Staphylococcus spp., E. faecalis, E. coli, Bacteroides vulgatus, Bacteroides ovatus and Bacteroides thetaiotaomicron were the dominant species in the mouse caecal flora. It was interesting that Enterococcus gallinarum appeared 1 day after the CS-834 treatment and E. gallinarum and Proteus mirabilis 1 day after the L-084 treatment.
Mice given CS-834 or L-084 had extremely low levels of antimicrobial activity (0.69 Ϯ 0.01 and 0.16 Ϯ 0.24 mg/kg of the mouse caecum contents, respectively) in the caecum 12 h after the 5 day treatment, while DU-6859a was present at concentrations of 173 Ϯ 46.2 mg/kg of mouse caecal con- tent 12 h after the treatment. R-95867 and L-036 were apparently inactivated by the 24 h incubation with the rat caecal contents but not DU-6859a, CS-834 or L-084 when compared with antimicrobials in saline as controls. In contrast, only L-084 and L-036 were inactivated after 24 h incubation with the mouse caecal contents. None of the strains tested reduced the antimicrobial activity of CS-834, R-95867, L-084 or L-036, compared with the drugs in saline, during 24 h incubation (data not shown). All anaerobic and aerobic strains used were positive for -lactamase by the cefinase test. The three oral antimicrobials, DU-6859a, CS-834 and L-084, used in this study have good in vitro activity against most anaerobes and aerobes. Thus, we presumed that oral administration of these agents would have a significant impact on the caecal flora of rats and mice. In fact, DU-6859a generated a marked decrease in the number (Ͼ3-log 10 ) of both anaerobes and aerobes in the rat and mouse models. These results are consistent with a previous study on the influence of oral DU-6859a on faecal flora in human volunteers. 10 CS-834 and L-084, however, had only a slight effect on the caecal flora of rats and L-084 had only a slight influence on the caecal flora of mice.
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In in vitro inactivation studies, CS-834 and L-084 were found to be stable in the caecal contents of rats and mice but their active metabolites were unstable in the caecal contents of rats. The mechanism(s) by which the antibacterial activity of CS-834, L-084 and their metabolites is reduced in the caecum remains unknown. One possibility is that -lactamases produced by the caecal flora inactivate these carbapenems retained in the gut lumen. However, we did not find any caecal isolates that might hydrolyse these agents.
